We have previously observed that auxin can act as a repressor of the wound-inducible activation of a chimeric potato proteinase inhibitor Il-CAT chimeric gene (pin2-CAT) in transgenic tobacco (Nicotlana tobacum) callus and in whole plants. Therefore, this study was designed to examine endogenous levels of indole-3-acetic acid (IAA) in plant tissues both before and after wounding. Endogenous IAA was measured in whole plant tissues by gas chromatography-mass spectrometry using an isotope dilution technique. 13C-Labeled IAA was used as an internal standard. The endogenous levels of IAA declined two-to threefold within 6 hours after a wound. The kinetics of auxin decline are consistent with the kinetics of activation of the pin2-CAT construction in the foliage of transgenic tobacco.
the induction of the pin2-CAT gene. These studies revealed that auxin, when present at near physiological levels, can repress the synthesis of CAT protein in the transgenic callus and also in plants ( 18) .
This specific repression of the inhibitor II gene activation led us to address the question of IAA levels in whole plants following wounding. In this study we have measured the levels of endogenous IAA in the foliage of whole tobacco plants by an isotope dilution technique coupled with a GC-MS detection system.
MATERIALS AND METHODS

Plants
When plant foliage is mechanically wounded a series of specific and nonspecific plant defenses are induced (9, 14) . One group of the well studied defense products are the proteinase inhibitors of solanaceous plants. These proteinase inhibitors are activated at the transcriptional level following wounding (13) . However, their kinetics of induction (mRNA begins to appear 2 to 4 h after wounding) makes them distinct from other wound-inducible genes from the lignin and phytoalexin biosynthetic pathways (9) . Genes encoding the proteinase inhibitors from both tomato and potato have been isolated and characterized (6, 12, 19, 23, 27) .
Transgenic plants have been made with both proteinase inhibitor I and II and the expression of these genes in plants has been well studied (15, 23, 27) . When tobacco plants bearing thepin2-CAT gene were examined for their expression of CAT protein, they expressed CAT protein in a manner which was identical with the wild-type expression of proteinase inhibitor II in young tomato plants (26, 28) . Therefore, these plants make a good model system for the study of the wound-inducible genes. Further, when introduced into potato, the same chimeric gene confers both wound-induced and tuber specific expression on the transgenic plants ( 17) .
Because The plants used in this study were tobacco, Nicotiana tabacum cv Xanthi. Both wild-type and transformed progeny plants were used. The transformed plants were previously described (28) . They were an R4 homozygous line of transgenic plants (four self-pollinations after regeneration, RO) containing a pin2-CAT construction which was also previously described (27) . All (24) ; however, even among adjacent leaves, we observed sufficiently high variation in IAA levels of the unwounded state that we had little confidence in the reproducibility of the assay when different leaves were used for the wounded and unwounded samples. Because of this variability, we began to use an assay in which half of the leaf was removed for a time zero control, and the other half of the leaf was treated to determine wounded levels of IAA (Fig. 1) .
When transgenic plants were assayed, a small portion of the wounded and unwounded leaf material was utilized for CAT assays to determine the activity of the pin2-CAT gene. Routinely, we found that in the time zero sample there was Plant Physiol. Vol. 96, 1991 no CAT activity, after 3 h there was low level of induction, and at later timepoints, CAT activity was well induced (28). Because we found that there are significant differences in IAA content of unwounded leaves between plants and among different leaves on the same plant, the data are expressed as percent decline in IAA content in the wounded halves of leaves relative to the unwounded leaf halves. Data expressed in this manner utilizing an "internal" time zero control are much more consistent between replicates even though the levels of IAA in unwounded leaves varies between replicates. These analyses indicate that the levels of IAA found in the foliage declines following wounding of the foliage (Table I ). This decline is maximal between 3 and 6 h after the wound. Eventually, the levels of IAA decline by two-to threefold in the 24 h following the wound. The kinetics of this decline in IAA levels is very similar to the kinetics of activation of the proteinase inhibitor gene system in either normal tomato plants (13) , or in transgenic tobacco plants (28) . This decline in IAA levels in wounded tobacco foliage is consistent with a role of IAA in the regulation of the inhibitor II gene system.
In other systems, such as sweet potato tubers, IAA levels are low in unwounded tissues (1-5 ng/g fresh weight) and increase dramatically following wounding reaching a maximum after 18 h (25). This observation raises an interesting point about the tuber specific regulation of proteinase inhibitors. In Solanum tuberosum tubers the proteinase inhibitor genes are normally expressed at high levels, then following wounding, transcription of the inhibitor genes are shut off ( 17) . While sweet potato tubers arise from distinctly different structures than potato tuber tissue, this finding does raise the question of whether IAA can also participate in the regulation of expression of the inhibitor genes in potato tubers as well as in the foliage.
Other investigators have implicated a variety of other biochemical compounds in the regulation of the inhibitor II gene system. Among these compounds are endogenous plant cell wall oligosaccharide fragments (3, 4) , fungal cell wall fragments (29) , sucrose ( 16) , abscisic acid (21), methyl jasmonate (10), and IAA (18) . All of these compounds, with the exception of IAA, have inducing effects on the expression of the inhibitor II gene system, whereas IAA represses the expression of the genes. We are currently trying to determine the hierarchy of the inductive and repressive effects played by these compounds in inducing the inhibitor II gene within the plant.
Further, we are interested in determining the effect that each of these positive regulating compounds has on the levels of IAA within the plant. There are several reports (1, 5, 22) that exogenous application of ABA to plant tissues can cause a decrease in the endogenous levels of IAA within those tissues. These effects are thought to occur through either influencing auxin transport or through direct effects on the auxin metabolism. Thus, some of the many positive regulating compounds indicated above, especially ABA, may act to induce inhibitor gene activation by decreasing the levels of IAA within the responding tissues. Experiments to examine this are currently underway.
Our working hypothesis is that endogenous levels of IAA in unwounded plant tissues are sufficient to maintain the inhibitor II gene system in a repressed state so that the genes are not expressed. However, following a wound, the levels of IAA in bulk tissues decline by two-to threefold, allowing a derepression of the gene system with concomitant expression of the CAT protein. The exact role of IAA in the regulation of the inhibitor II gene system is unknown and will require further elucidation. The roles of the other positive regulators will also need to be determined within the framework of the IAA derepression of the inhibitor II gene system. Also, the mechanism which is responsible for the decline in IAA levels is not yet understood. The IAA pool size could be influenced at one of several points, including the biosynthesis of IAA, its degradation, or the formation of amide or ester storage forms of IAA. Indeed, the decrease in IAA pools in leaves could even be influenced through IAA transport.
